Groundwater is the primary source of drinking water for small municipalities and individuals.
However, it has been shown that hydrogeological data, as they are generally processed, disseminated and presented, are not suited to land planners' needs. The information provided lacks the interpretation needed for planners to be able to analyse it and make decisions (Lavoie et al. , ) .
Prior to developing the tool that will be presented in this paper, preliminary research steps were completed: a survey was conducted in North America to draw a picture of the integration of groundwater information into land planning provide a great deal of information on groundwater, including recharge, vulnerability, hydraulic parameters, water quality and aquifer types, for instance. We previously discussed how useful this information can be for land planning. However, land planners from the two watersheds did not integrate the data into their planning to improve groundwater protection (Lavoie et al. ) . The reasons underlying this situation were multiple. One reason was the be translated for use in land planning, in order for the planners to be able to refer to the information. Planners understood the maps, but could not identify their implications. They were most concerned about the quality of the water and how potentially polluting land uses could degrade it. On the basis of these observations, the idea of a geo-informatics tool emerged. The tool can serve to view the data, evaluate risks of groundwater contamination and help identify means to minimize said risks.
In a first step, a method was recently developed by the authors to produce maps to ascertain risks of groundwater contamination through land use (the development of this method is described in Lavoie et al. () ). The maps are evaluated by combining different aspects related to groundwater and land planning. This method has resulted in realistic outputs that provide a fair idea of the regional dynamics of groundwater. The maps have proven very useful for land planners. They allow planners to identify where the groundwater is threatened within their territory and to take action accordingly to minimize risks of contamination. They can also help delineate areas where the protection of water should be prioritized. However, although very useful, the procedure is complex. A geomatician, or at best someone with good knowledge of geographical information systems (GIS), is required to perform the tasks. In addition, it can take hours, if not days, to produce and analyse the results. This paper presents how the previously developed method has been integrated into ATES (Aménagement du Territoire et Eau Souterraine, or land planning and groundwater), a geo-informatics decision aid tool that allows planners to examine groundwater contamination risk maps and analyse any new project on the basis of its impact on risk. The main novelty presented here is the programming of this method, which implies automatizing the MACBETH aggregation on spatial data and allows planners to use the developed method in a user-friendly environment. GIS-based decision support systems to help planners consider water while managing land have been developed before. Most focus on water quantity. (Hellegers et al. ) . The particularity of the tool that we propose here is that it focuses on the potential impact of land use on groundwater quality within the entire territory. Moreover, ATES is designed especially for planners and was developed entirely with its future users, so it meets their expectations.
The first section of this paper summarizes the basics of the previously developed methodology for evaluating groundwater contamination risk. The process of developing the prototype and its interface is then presented. We discuss the validation of the tool through interviews and focus groups with land planners. Finally, we present the application's features and proposed interface.
METHODS

Evaluation of groundwater contamination risks
Before entering into developmental details underlying the tool, we will describe briefly how the evaluation of groundwater contamination risks is calculated (for more information, where the water is vulnerable, the pollution likelihood will be high. However, not all pollution is equal. Indeed, pollution occurring in a place where the water is of mediocre quality and not used will have lesser consequences than a pollution occurring near a public well supplying hundreds of people. For this reason, the pollution likelihood is combined with groundwater socio-economic value. Groundwater value represents the water's significance for anthropogenic uses. Therefore, if the water has a high value, its contamination will have more dire consequences. Groundwater socio-economic value is evaluated on the basis of six criteria selected by a group of experts in water and land management: water use, water aesthetic , and is especially designed to be user-friendly for decision-makers. The approach was used with different groups of stakeholders or experts depending on the analysis to be performed. An expert panel was put together for groundwater socio-economic value, the pollution likelihood was assessed with hydrogeologists, and the final risk was based on the perceptions expressed in the previous groups.
The resulting risk maps can be used by land planners to identify areas where groundwater is most threatened and take action to minimize pollutant infiltration. Another possible use would be to analyse the possible locations for a new project and authorize the project only where risks for groundwater are deemed acceptable.
As part of a previous study, the method was tested in the regional county municipality (RCM -a group of municipalities) of Acton (Province of Quebec) where a PACES project was underway. The RCM of Acton was selected for this study since it has both urban and rural land uses as well as diverse hydrogeological conditions, which allowed it to be seen how the tool reacts under a variety of contexts.
Moreover, recent data were available at the time of the study and the planner was enthusiastic about the project, which was essential in this context since a considerable involvement was required on his side. The RCM of Acton covers 578 km 2 . It is located south of the St. Lawrence
River and is mostly agricultural. It encompasses eight municipalities and 15,470 inhabitants (MRC d'Acton ).
As mentioned previously, the results of the risk assessment proved very interesting and useful for the planner. We were able to evaluate risks to groundwater within his territory and analyse new projects of interest to him. However, transforming the data, applying the calculations and verifying the data is not within the reach of every land planner Three land planners from different regions were selected to test the tool: one from each region where groundwater atlases existed and the one from the region under study (RCM of Acton). The three planners were first met in an interview where the prototype was presented and they could try it.
We were especially interested in this first step to evaluate the usability of the tool. The interviews were recorded and the screen was also recorded during the problem solving exercise. to analyse every interaction the user had with the software and identify which aspects of the software were ill-designed.
The users were assigned a task scenario to perform with little or no instructions or coaching on the use of the tool.
They were asked to explain everything they were thinking Two of them explicitly indicated that the interface was not user-friendly and that it would be very hard to work with it in the absence of the researcher.
A few significant changes were made to the prototype, and a project for a completely different interface was developed with a graphic designer (Figure 3 ). This second interface was not programmed; it consisted instead of a series of slides. Changes to the prototype included
• adding more zoom functionalities;
• optimising the display for different screen resolutions;
• making sure that the software would be compatible with the most common operating systems;
• setting default parameters for the weighting;
• adding an example of a report with graphs;
• changing a few terms that appeared confusing to the planners;
• allowing to switch from map view to satellite;
• displaying information popups when pointing on functionalities;
• using all of the pixels, even partially selected, for the risk calculations;
• improving the look of the weighting functionality so that the cursors do not appear as if they could be moved; and
• displaying the land use associated with a zone after it has been selected for evaluation.
A second set of interviews was held with the same three planners. In this interview, they were presented the major changes made to the prototype and the new interface. They could try the improved prototype to see if the changes mirrored the differences they expected. They were also invited to react to the new interface and suggest improvements. The interviews were voice recorded only and notes were taken. They were analysed and compared. Fortunately, the second interface was much better suited to the planners' needs and habits.
Indeed, the general comments were that the new proposal was more inviting to look at and the possibilities associated with the tool appeared more obvious. With the problems related to the interface seemingly less important, the planners were able to discuss the functionalities of the tool and how it might be a useful addition to their usual tasks.
Two focus groups were subsequently organized with eight and 15 regional planners, respectively. The first focus group took place in the region of Outaouais, in western Quebec. Outaouais is a 30,500 km 2 territory with approximately 372,300
inhabitants. It encompasses five regional county municipalities 
RESULTS
ATES is a user-friendly geo-informatics web-based tool that allows planners to easily understand groundwater conditions within their territory and integrate them into land planning.
ATES first serves as a platform to access, view and download hydrogeological data from the PACES projects ( Figure 4 ). The planners met with during the focus groups had a very positive reaction to ATES (see Table 1 , for a list of the ideas discussed by planners). The two regions where the meetings were held were to receive the results of PACES projects shortly and they remained uncertain as to
how and for what reason they would use the data. The presentation of ATES indicated one way that groundwater information can be integrated into land planning and helped them grasp the implications of the new data. They were relieved to see that the tool would evaluate risks for them and that they would not have to collect, process and assemble the data. They found the interface user-friendly.
Above all, they especially appreciated the content of the report and the advice on best practices to minimize risks for groundwater in particular. They also greatly appreciated explicitly asked about weaknesses of ATES or potential improvements, very few negative comments were heard during the Focus Groups (Table 1) . This is probably due to the fact that the participants could not try to use ATES.
We therefore expect that, when a beta version of the tool is available to test, the planners will quickly venture critical comments about the shortcomings of ATES. Indeed, without having worked with the tool, it is harder to make comments about ergonomics, missing functionalities or other improvements. Still, some planners mentioned that they would like to see ATES improved by integrating the upcoming water policies and the regulatory framework into the tool, including more information on water catchments, providing more support to expose the results to elected representatives and especially allowing to correct the governments' data or adding one's local data layers.
They also showed interest in other improvements that are not currently possible for technical and data availability reasons, such as the incorporation of surface watergroundwater interaction models and the possibility of building and assessing detailed local land planning scenarios.
CONCLUSIONS
This research showed that a decision-making tool based on geo-informatics, in this case ATES, can considerably improve the ability of urban and regional planners to understand hydrogeological data. It is the first instance, in our knowledge, where the MACBETH approach was used with spatial data for automatized computations and it proved quite effi- ATES will not consider it. We hope that with the new databases from the PACES projects, such cases will eventually be on file and that we will be able to incorporate them into ATES. We were also told by planners that land use databases occasionally contain errors. In some cases, the wrong code is indicated for a plot. Therefore, ATES
should include a means to correct these errors and reevaluate risks for groundwater. One of the proposals was that since planners use a standardized canvas for these databases, they could enter their own data in the risk calculations. In the future, many aspects of ATES will be improved.
First, for ATES to be used, it must be tied in with provincial government legal requirements regarding groundwater. A regulation indicating who should protect groundwater, and how, was strongly recommended by all the planners interviewed. In fact, the Quebec Government is currently preparing a new regulation framework for source water protection (Gouvernement du Québec , ) that will be included in ATES. Legal and regulatory tools that allow planners to protect groundwater will also be identified in a database and associated with relevant cases through reports in ATES. For example, the new regulatory framework in Quebec requires that municipalities delineate their water supply catchment area. This information will be integrated into ATES to evaluate the potential consequences of land use management on the quality of drinking water sources.
The reports, which include a map with risk levels, study. In the near future, surface water and the protection of drinking water sources will be integrated; a functionality allowing planners to either correct known errors in the database or use their own data will be implemented; and the new regulations on groundwater protection will be better incorporated into the tool as well as the proposed risk reducing measures. On a longer time frame, we would like to add a module to allow for local planning scenarios, and provide more contextual information to help planners explain groundwater-related issues to elected representatives.
ATES is still a prototype, but we can already see the great potential of such a tool. Planners who have hydrogeological data are keen to use it and countless research avenues will stem from it. In the next few years, ATES will become a much more complete water management tool for land planners.
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